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Abstract:
Physiological processes were studied on shoots and roots of Scots pine (Pinus sylvestris L.)
trees in order to explain the response of forests to atmospheric ammonia (NH3) deposition.
Attention was also paid to mycorrhizal infection. The study included interactions between
gaseous NH3 and sulphur dioxide (SO2), ozone (O3) and elevated concentrations of carbon
dioxide (CO2). For this purpose fumigation experiments were carried out in controlled envi-
ronmental chambers. In addition, a field experiment was carried out in two forest stands with
relatively high atmospheric nitrogen deposition. The results showed that high concentrations
of gaseous NH3 can be metabolized by needles of Scots pine. Gaseous NH3 increased shoot
biomass and nitrogen (N) concentration in needles. Gaseous NH3 also enhanced the activity
of glutamine synthetase (GS, EC 6.3.1.2), which is responsible for NH3 assimilation in
higher plants. The increase in GS activity was accompanied by an increase in soluble pro-
teins, free amino acids and leaf pigments. Arginine formed the major part of the foliar free
amino acid pool. Exposure to gaseous NH3 disrupted the nutrient balance of the tree, as
evident from decreased K/N and P/N ratios in needles. Exposure of trees to gaseous NH3 and
fertilization via the soil with 15N-labelled (NH4)2SO4 showed that the increase in N concen-
tration in needles by gaseous NH3 reduced the uptake of NH4

+ via roots. In addition, gaseous
NH3 strongly decreased mycorrhizal infection. The stimulating effect of NH3 on needle
concentrations of N and chlorophyll a and on needle GS activity counteracted the decreases
caused by SO2. Exposure to SO2  decreased foliar K/N and P/N ratios. Exposure to NH3 + O3
lessened the effects of single exposures to NH3 and O3 which caused a reduction in my-
corrhizal infection and an increase in glutamate dehydrogenase (GDH, EC 1.4.1.2) activity.
In general, elevated CO2 increased needle dry weight. Gaseous NH3 counteracted this re-
sponse of needles to elevated CO2. In the presence of NH3, the increase in needle biomass
and dry weight by elevated CO2 was lower than in the absence of NH3. In addition, the pres-
ence of NH3 strongly decreased root branching and mycorrhizal infection. The results pre-
sented in this thesis show that atmospheric NH3 absorbed by needles increased the N pool
and decreased mycorrhizal infection, which in turn reduced nutrient uptake by the tree.
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List of abbreviations and sy mbols

AA   ambient air
BCI   buffer capacity index
Chl   chlorophyll
CLO   critical load
CO2   carbon dioxide
DW   dry weight
FA   filtered air
FAa   filtered air at ambient CO2

FAA   free amino acid pool
FAe   filtered air at elevated CO2

FW   fresh weight
GDH   glutamate dehydrogenase
GOGAT    glutamate synthase
GS   glutamine synthetase
gs   stomatal conductance
NH3   ammonia
NH4

+   ammonium
O3   ozone
Pn   net CO2 assimilation
PNUE    photosynthetic nitrogen use efficiency
POD   peroxidase
RWR   root weight ratio
SLA   specific leaf area
SO2   sulphur dioxide
SRL   specific root length

Conversion factors for gaseous air pollutants concentrations 1

Gas Molecular weight  
(g mol-1)

1 µg m-3 equivalent
to (ppb)

1 ppb equivalent
 to  (µg m-3)

Ammonia (NH3) 17.0 1.41 0.71
Ozone (O3) 48.0 0.50 2.00
Sulphur dioxide (SO2) 64.1 0.38 2.67

These conversion factors were calculated at reference temperature T = 293 K and pressure P
= 101.3 kPa.

                                        
1 Based on Last FT, Watling R, eds. 1991.  Acidic deposition. Its Nature and Impacts. Royal

Society of Edinburgh Proceedings B 97: 325-326.
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SO2 fumigation, 38

effect of  NH3 fumigation, 17
K/N and P/N foliar ratios, 79
mycorrhizas, 60

photorespiration in needles, 29
photosynthesis, 63
vitality, 66

—Q—
Quercus alba, 50

—R—
Respiration, 60
Root

exudates, 62
length, 56

Root biomass, 63
effect of elevated CO2, 57, 63

Root branching
reduced by elevated CO2 + NH3, 57, 64
response to elevated CO2, 63

Root growth
effect of pot size, 63

Root weight ratio (RWR), 58, 62
effect of elevated CO2, 63

Root/shoot ratio, 54, 55, 65
effect of N fertilization, 15
increased by NH3 fumigation, 81

Rubisco, 48, 64

—S—
Scots pine. See Pinus sylvestris.
Senescence

accelerated by SO2, 39
Shoot growth

effect of N fertilization on root-
shoot/ratio, 15

effect of NH3 fumigation, 11
Shoot length

effect of NH3 fumigation, 11
Shoot-root interactions

modification by NH3 fumigation, 80
SLA. See Specific leaf area
Soil

acidic, 6, 66
cation-poor, 66
nitrogen poor, 5
nutrient poor, 6

Soil acidification
attributable to SO2, 39

Soluble proteins, 73, 77
decreased concentration by elevated

CO2, 46, 60
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decreased concentration by SO2 fumi-
gation, 37, 38

decreased concentration during plant
development, 29

determination method, 23
effect of NH3 fumigation, 24, 35, 46, 49,

62
higher in Scots pine than in Douglas fir,

72
increased concentration in forests close

to fur farms, 37
interaction between elevated CO2 +

NH3, 59
Specific leaf area (SLA)

calculation, 43
decreased by elevated CO2, 45, 48
increased by NH3 fumigation, 45

Specific root length (SRL), 58
Spruce. See Picea abies
SRL. See Specific root length
Starch, 27, 49

decreased concentration during plant
growth, 29

determination method, 22
effect of NH3 fumigation, 29
increase during spring and summer, 17

Stomata, 66. also See Stomatal conduc-
tance
role in SO2 absorption by leaves, 32

Stomatal conductance (gs), 54, 64, 79, 80
role in gaseous NH3 uptake, 6, 80
transient stimulation by elevated CO2 +

NH3, 59
Stress indicators, 50, 55, 62, 64
Sucrose, 74

reduced concentration in needles  by
SO2, 39

Sulphate ions
role in SO2 detoxification, 38

Sulphur dioxide (SO2)
additive effects in mixtures with NH3,

39
detoxification mechanism in leaves, 38
effect on cytoplasmic pH, 39
effects on tree physiological processes,

37
Sulphuric acid, 38

—T—
Threonine (Thr), 26

Translocation of N, also See Nitrogen
translocation 49

Translocation of nutrients, 73
effect of NH3 fumigation, 17

Transpiration, 59
decreased by SO2, 38

Trifolium subterraneum, 50
Triticum sp, 49

—V—
Valine (Val), 26
Veluwe, de, 67
Vitality, 74
Volatile organic compounds, 54

—W—
Water potential in needles, 9

effect of (NH4)2SO4 fertilization, 15
effect of fertigation, 73

Water stress, 73
Wheat. See Triticum sp

—Z—
Zea mays

foliar absorption of gaseous NH3, 28
GS activity in shoots, 29


